METHODS FOR REGULATING LEVELS OF ZINC, 
CADMIUM AND CALCIUM IN HUMANS AND FOR DIAGNOSING, 
OR SCREENING FOR THE RISK OF DEVELOPING, 
DISEASES ASSOCIATED WITH ABNORMAL LEVELS 
OF CADMIUM, ZINC AND CALCIUM IN BODY FLUIDS AND TISSUES 



[0001] This patent application is a continuation-in-part 
of Serial No. 09/610,538, filed July 7, 2000, which claims 
priority from provisional patent application serial number 
□ 60/142,926, filed July 9, 1999. 

FIELD OF THE INVENTION 

J [0002] The present invention relates to methods for 

;^ regulating levels of cadmium, zinc and calcium in the human 

body. More specifically, the invention relates to methods 
\^ for decreasing PGE2 : PGF2a ratios and regulating zinc: cadmium 

ratios and for regulating the concentration of zinc- 
^'"^ containing and PGE2-dependent matrix metalloproteinases in 

humans . 

[0003] The invention further relates to methods of 
screening for the presence of, or risk of developing, a 
disease associated with unbalanced levels of cadmium in a 
body fluid, body fluid component or tissues of a human. 
The invention also relates to methods for delaying or 
preventing the onset of a disease in a human, wherein the 
disease is associated with unbalanced levels of cadmium and 
unregulated levels of zinc in body tissues and fluids, by 
balancing the levels of cadmium and regulating the levels of 
zinc in the body tissues and fluids of the human. 



1 



[0004] The invention further relates to methods for 
regulating the influx of extracellular calcium into cells 
and to methods for delaying or preventing the onset of a 
disease associated with above normal levels of intracellular 
calcium. 

BACKGROUND OF THE INVENTION 

[0005] Despite all the advances in medical treatment in 
recent years, a number of diseases remain difficult to 
treat. A number of these diseases are ones often associated 
with advancing age, although certainly they are not 
exclusively afflictions of the elderly. Cancers, for 
example, remain a leading cause of death in humans, despite 
advances in the field of cancer treatment. The leading 
therapies to date are surgery, radiation and chemotherapy. 
Many types of chemotherapeutic agents have shown at least 
some effectiveness against certain cancers and tumor cells, 
but the efficacy of these agents can vary significantly, and 
their side effects can be severe. 

[0006] Hormones, in particular estrogen, progesterone and 
testosterone, and some antibiotics, alkylating agents, and 
anti-metabolites form the bulk of therapeutic agents 
available to oncologists. Scientists continue to search for 
cytotoxic agents that have specificity for cancer and tumor 
cells, yet do not affect normal cells and have minimal side 
effects . 

[0007] Other diseases which remain significant include 
hypertension, Alzheimer's disease, osteoporosis and 
diabetes. 

[0008] Present treatments for diabetes include the 
administration of insulin either orally or through an 
injection solution. Also, glucose may be administered 
either directly, as through injection, or indirectly, as 
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through ingestion of certain foods or drinks. Other methods 
of treating diabetes include the use of implantable glucose 
systems which have been designed to provide continuous 
measurement of the patient's glucose concentration. The use 
of implantable insulin pumps also can be used for the 
treatment of diabetes. 

[0009] Such above described treatments for diabetes 
require lifelong treatment of the patient. For many 
patients insulin injection is an unpleasant process. Also 
the need for daily injections of insulin is hard on the 
patient's veins. Insulin treatment is costly and it is only 
a temporary reliever of diabetic symptoms. Continued 
treatment is necessary in order to control the disease. 
Therefore, there is a need for a remedy in treatment for 
diabetes which is easily administered to or by the patient. 
[0010] Alzheimer's disease is believed to be an organic 
brain disease with primary invasions within the brain. Its 
etiology remains for the most part unknown. However, the 
current knowledge suggests that Alzheimer's disease is 
characterized by organic brain damage at least secondary to 
some preceding causative event. Current proposed treatments 
include the administration of substituted 1 , 4-benzoquinone 
derivatives including idebenone and corresponding 
hydroquinone derivatives. Current treatments have been of 
limited efficacy, and new and alternative treatments are 
sought . 

[0011] Hypertension stresses the heart and can contribute 
to coronary artery disease, heart attack, and stroke. High 
blood pressure contributes to 75 percent of all strokes and 
it is estimated that half of all people who have a heart 
attack and two thirds of those who have a first stroke have 
high blood pressure. Over the past ten years, the number of 
deaths due to hypertension has increased by forty percent. 
Persons with hypertension often are advised to make 



lifestyle changes, such as diet and exercise and can be 
given various types of medications, including diuretics, 
alpha blockers and beta blockers, ACE inhibitors, and 
calcium channel blockers. Although all of these medications 
can be helpful, they also can have undesirable side effects, 
and further treatments are sought. 

[0012] Persons with osteoporosis suffer from their bones 
becoming porous due to the deterioration of bone tissue. 
Eighty percent of osteoporosis sufferers are women. It is 
estimated that eight million women in the U.S. alone have 
osteoporosis. One in two women over fifty will suffer an 
osteoporosis-related fracture in their lifetime. The 
disease also affects about two million men in the U.S., and 
one in eight men over fifty will suffer from an 
osteoporosis -related fracture . 

[0013] There currently is no cure for osteoporosis. 
Current therapies work to slow the progression of the 
disease. Preventive measures include calcium supplementation 
and regular weight-bearing exercise. Treatments include the 
administration of either of two types of drugs, ones which 
slow or inhibit bone formation or drugs which accelerate 
bond formation. Additional effective treatments are sought. 
[0014] Research into all of these diseases has indicated 
that unregulated levels of zinc, either per se or in the 
form of zinc-containing or PGE2-dependent matrix 
metalloproteinases in body fluids and tissues, are 
associated with the onset and/or advancement of these 
diseases. As a result, attempts have been made to inhibit 
or to regulate the concentration of zinc and these enzymes 
in the body. 

[0015] Methods for inhibiting matrix metalloproteinases 
used in the past include the use of hydroxamic acid 
derivatives such as alpha-amino sulphonyl hydroxamic acids 
and carboxy-peptidyl. compounds. Natural products such as 



TIMP-1, TIiyiP-2 and alpha 2-macroglobulin also are known 
matrix metalloproteinase inhibitors . 

[0016] Although these inhibitors have been of interest, 
other easily manufactured compounds and compositions which 
can regulate the concentrations of matrix 

metalloproteinases , zinc and cadmium in the body fluids and 
tissues of a patient are sought. 

[0017] Also sought are new methods for screening persons 
to determine the presence of, or their risk of developing, 
one of these diseases. 



SUMMARY OF THE INVENTION 



[0018] In accordance with the present invention, methods 
and compositions are provided for decreasing PGE2 : PGF2a and 
regulating zinc: cadmium ratios and regulating the 
concentration of zinc-containing and PGE2-dependent matrix 
metalloproteinases in the body of a human. Methods and 
compositions also are provided for regulating calcium levels 
in the fluids and tissues in the body of a human. Elevated 
or otherwise unregulated levels of PGE2, zinc and calcium 
and elevated or otherwise unregulated concentrations of 
zinc-containing and PGE2-dependent matrix metalloproteinases 
have been found to be associated with the development of 
certain diseases, including prostate cancer, colon cancer, 
breast cancer, Alzheimer's disease, hypertension, 
osteoporosis and diabetes. For example, studies have found 
that patients with diabetes typically have elevated levels 
of zinc in their urine (104), and osteoporosis also has been 
associated with increased urinary zinc excretion (101). Zinc 
levels also have been shown to be elevated in the red blood 
cells and urine of persons suffering from cardiovascular 
disease; there is a decreased movement of zinc out of red 
blood cells, an increased movement of zinc into red blood 



cells and an increased excretion of zinc from the body. By' 
regulating the concentration of zinc and PGE2 in the 
person's body, one can delay or prevent the onset of, or 
treat the development of, these diseases. Furthermore, it 
has been found that changes in cadmium and zinc levels also 
are associated with changes in calcium levels in the body. 
As cadmium regulates zinc, both cadmium and zinc regulate 
calcium. Unbalanced levels of cadmium lead to unregulated 
levels of zinc, which in turn leads to unregulated levels of 
calcium. 

[0019] It also has been discovered that populations which 
have a high incidence of diseases such as prostate or breast 
cancer, hypertension, diabetes, osteoporosis and Alzheimer's 
also often have diets low in cadmium and unbalanced levels 
of cadmium in their body fluids, components of body fluid 
and tissues. For instance, a number of studies have found 
that cadmium levels are low in the cerebrospinal fluid of 
Alzheimer's patients. Accordingly, further in accordance 
with the present invention, methods are provided for 
screening persons to determine an indication of the presence 
of, or their risk of developing, a disease associated with 
unbalanced levels of cadmium in their body fluids, body 
fluid components, and tissues. 

[0020] In one embodiment of the invention, there is 
provided a method of decreasing the PGE2:PGF2a ratio in the 
body fluids and tissues of a human which comprises 
administering to the human one or more cadmium salts in an 
amount sufficient to lower the concentration of PGE2 . 
[0021] In another embodiment of the invention, there is 
provided a method of balancing the amount of cadmium in the 
body fluids and/or tissues of a human which comprises 
administering to the human one or more cadmium salts in an 
amount sufficient to balance the concentration of cadmium 
per se and to regulate the concentration of zinc relative to 



the concentration of cadmium in the body fluids and/or 
tissues of the human. 

[0022] In another embodiment of the present invention, 
there is provided a method for regulating the zinc: cadmium 
ratio in the body fluid or tissues of a human which 
comprises regulating the concentration and activity of zinc 
in the body fluid of the human by administering to the human 
one or more cadmium salts. 

[0023] In a further embodiment, there is provided a 
method of regulating the concentrations of zinc and zinc- 
containing and PGE2-dependent matrix metalloproteinases in a 
human by administering one or more cadmium salts. 
[0024] In another embodiment of the present invention, 
there is provided a pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and one or more cadmium 
salts, said composition being in oral dosage form, 
parenteral dosage form or inhalation dosage form. 
[0025] In yet another embodiment of the invention, there 
is provided a pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and one or more cadmium 
salts in combination with an estrogen, a protease inhibitor 
or a combination thereof. 

[0026] In still yet another embodiment of the invention, 
there is provided a method for treating, or for delaying or 
preventing the onset of, cancer, particularly prostate, 
colon or breast cancer, which comprises decreasing the 
PGE2 : PGF2a ratio and regulating the zinc: cadmium ratio in 
the body fluids and tissues of a person suffering from, or 
at risk of developing, cancer by administering an amount of 
one or more cadmium salts effective to inhibit or prevent 
the formation, growth, division or metastasis of cancer 
cells . 
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[0027] In still yet another embodiment of the invention, 
there is provided a method for treating, or for delaying or 
preventing the onset of, a disease in a human, the onset of 
which is associated with unregulated levels of zinc and/or 
unbalanced levels of cadmium in the body fluids and tissues 
of the human, which comprises administering one or more 
cadmium salts at dose levels effective to regulate the 
concentration of zinc or balance the concentration of 
cadmium in the body fluids of a human suffering from or at 
risk of developing such a disease. 

[0028] In a further embodiment of this invention, there 
is provided a method for regulating the influx of 
extracellular calcium into cells in the body of a human 
which comprises administering cadmium to said human in an 
amount sufficient to regulate the flow of extracellular 
calcium into the person's cells. There further is provided 
a method for delaying or preventing the onset of a disease 
associated with above normal levels of intracellular calcium 
which comprises administering to a human having abnormally 
high levels of intracellular calcium a pharmaceutically 
acceptable and bioavailable cadmium salt in an amount 
sufficient to regulate said levels of intracellular calcium, 



DETAILED DESCRIPTION OF THE INVENTION 



[0029] It is known that stallions have low fertility 
(e.g. unsuccessful equine in vitro fertilization (1)) and 
approximately 1/3 the incidence of cancer mortality compared 
to humans or dogs (8% versus 24% or 23%, respectively (2, 3, 
4, 5)). Also, prostate cancer has never been reported in 
the stallion. Stallions have high levels of unique 
estrogens (6, 7, 8, 9) paralleling the high levels of unique 
estrogens of pregnant mares. Stallions, in comparison to 
man, have a low testosterone : estrogen ratio (stallions 1:13, 
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(10), men 9:1, (10)) which may regulate their postulated low 
seminal plasma PGE2 : PGF2a concentrations and ratio (11, 12, 
13, 14, 15, 16, 17). It also is known that stallion urine 
comprises cadmium in the form of cadmium sulfate, as well as 
protease inhibitors and other chemicals. 

[0030] Prostaglandin E2 (PGE2) increases sperm quality 
(26, 27, 28, 29, 30, 31) and increases cancer cell division 
(32). It also is known that zinc increases sperm quality 
(39) and enhances cancer cell metastasis (40, 41, 42). Zinc 
is a key component of proteases that function in cancer cell 
metastasis (40, 41, 42). Zinc typically is retained in 
tissues for only a few days (18). Zinc is regarded as an 
essential metal. Zinc has a negative relationship with 
cadmium. Zinc decreases the amount of cadmium absorbed from 
the gut (18) and decreases the physiological effects of 
cadmium (43, 44, 45, 46, 47, 48, 49, 50, 51) . 
[0031] Cadmium has been classified as a non-essential 
element that previously has been considered a toxin and 
hypothesized to cause prostate cancer and hypertension in 
man (77). The basis for this hypothesis appears to have 
stemmed from what was interpreted as a higher incidence of 
prostate cancer in men who inhaled cadmium (80), evidence of 
high concentrations of cadmium in prostate cancer cells (81) 
and cadmium-induced prostate cancer in rats (82). 
[0032] In contrast to possible evidence that the 
inhalation of large quantities of cadmium leads to an 
increased incidence of prostate cancer in man, there is no 
evidence that ingested cadmium increases the incidence of 
prostate cancer. To the contrary, in countries such as 
Japan, in which the typical diet contains foods which have 
relatively high amounts of cadmium (83) , the incidence of 
prostate cancer is very low (84). Conversely, Sweden, where 
cadmium ingestion is relatively low (85), has one of the 
highest incidences of prostate cancer in the world (86) . As 



Japanese men have moved to western countries and shifted to 

low-cadmium western diets, their incidence of prostate 

cancer has been found to increase to levels similar to those 

of men in the same geographic areas (87). Similarly, 

Japanese men who have remained in Japan but changed to a low 

cadmium western diet, have shown an increase in their 

incidences of prostate cancer (88), whereas men in Sweden 

and the United States who shifted to more eastern-style 

diets, containing more cadmium, have shown a decrease in 

their incidence of prostate cancer (89). 

[0033] Furthermore, the Internationale Programme on 

Chemical Safety stated in 1992 that the evidence to date 

regarding cadmium as a cause of prostate cancer is 

inconclusive but does not support the suggestion from 

earlier studies of a causal relationship and that there was 

no convincing evidence that cadmium is an etiological agent 

of essential hypertension. They further stated that there 

was no evidence of an increased mortality due to 

cardiovascular or cerebrovascular disease. 

[0034] Although cadmium treatment administered by 

injection has been shown to induce prostate cancer and 

hypertension in rats (90, 93), several scientists have 

concluded that cadmium functions differently in rats than in 

humans (91); rat tissue is 30 times more sensitive to 

cadmium than is human tissue (92). Further, contrary to the 

relationship between cadmium administration and hypertension 

in rats, studies consistently have failed to correlate 

increased blood pressure with increased ingestion of cadmium 

in humans (94). In fact, a study of Japanese men and women 

who ingested high amounts of cadmium had lower blood 

pressure and a decreased incidence of cardiovascular disease 

than other Japanese whose diet was comparable but , cadmium 

A 

(95) . louj 
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[0035] As noted above, zinc has long been seen as an 
essential metal. The present invention is based upon the 
premise that cadmium also is an essential trace element. As 
defined herein, an essential element is one which when 
administered, reverses a reduction in a biological function 
(96). The reduction of function with cadmium deficiency in 
man is manifest with prostate cancer, hypertension and other 
diseases (97). Foods that are high in cadmium, such as 
leafy vegetables, cereals and grains, are associated with a 
lowered incidence of prostate cancer and hypertension. 
[0036] . Although not wishing to be bound by theory, it is 
believed that one biological role of cadmium is to regulate 
zinc homeostasis by decreasing zinc excretion in urine. It 
appears that cadmium acts as a regulator of zinc. When the 
level of cadmium is out of balance (i.e., if there is a 
cadmium deficiency) , the levels of zinc cannot be regulated 
properly. In a healthy person, the concentration of zinc in 
the cells of tissues typically is high relative to that of 
cadmium; cadmium levels are lower relative to the levels of 
zinc in fluids. Thus, in a healthy person, the zinc: cadmium 
ratio is relatively high in cells and lower in fluids. Zinc 
is pumped into cells; cadmium is pumped out. Thus, looking 
at an organ, such as the kidneys or prostate, as a whole, 
when cadmium concentrations are high, zinc concentrations 
are high (98). If the person is cadmium deficient, however, 
cadmium does not get pumped out of the cell, however, and as 
a result, zinc is not pumped in. As a result, excess zinc 
in the fluids ultimately appears in the urine and is 
excreted. It is proposed that an underlying cause of 
certain diseases is a deficiency of cadmium leading to an 
increased urinary excretion of zinc and a secondary zinc 
deficiency. 

[0037] It is believed that zinc and cadmium 
counterbalance one another in the body and that evaluating 



the movement of zinc and cadmium among red blood cells 
(erythrocytes) , serum and cells, such as prostate cells in 
men and breast cells in women, provides an indication of 
relative health. The delivery of zinc from red blood cells 
to serum to cells of tissues is counterbalanced by the 
movement of cadmium from tissue cells to serum to red blood 
cells. A cadmium deficiency results in a slowdown of the 
zinc delivery system from red blood cells to serum to cells 
such as prostate cells. 

[0038] There is evidence that serum zinc is regulated in 
the body. It is known that serum zinc in man is diurnal, 
with levels highest in the morning and lowest in the 
afternoon (99). Urinary excretion of cadmium is lowest in 
the morning and highest in the afternoon (100). When serum 
zinc decreases, urinary zinc excretion is decreased in a 
reflex fashion by a counter increased excretion of cadmium. 
This counter high cadmium urinary excretion with apparent 
decreased urinary zinc excretion in man is shown in the 
afternoon when the declining serum zinc stimulates an 
elevated urinary excretion of cadmium. If the body has an 
insufficient amount of cadmium, it is unable to 
counterbalance effectively urinary excretion of zinc, 
resulting in an increase in the amount of zinc excreted in 
the urine and a secondary zinc deficiency. It is theorized 
that a low cadmium diet causes a primary low level of 
cadmium in the body which is exaggerated by a high zinc diet 
which elevates the level of zinc in serum. When the 
elevated serum zinc level falls, it stimulates increased 
cadmium renal excretion which blocks excretion of renal 
zinc. This increased urinary excretion of cadmium results 
in a secondary cadmium deficiency. A cycle thus results, 
wherein a low cadmium diet causes a primary cadmium 
deficiency, and a high zinc diet causes an increased urinary 
excretion of cadmium which causes a secondary cadmium 



deficiency. The cadmium deficiency, in turn, prevents the 
renal retention, of zinc, and the increased urine excretion 
of zinc results in a secondary zinc deficiency. 
[0039] It further appears that a second biological role 
for cadmium is the blockage of calcium channels. Evidence 
indicates that cadmium decreases the influx of extracellular 
calcium into cells, thereby decreasing activation of these 
cells. Cadmium is a documented blocker of calcium channels 

(102) . Stallions have a low cancer mortality rate relative 
to man (8% vs. 24%, respectively). Whereas prostate cancer 
is one of the most frequently diagnosed cancers in man, it 
has never been diagnosed in stallions. The serum cadmium of 
stallions is slightly elevated in relation to man (1.186 
ng/ml vs. 0.924 ng/ml). Proportionally, serum calcium is 
higher in stallions versus man (115,949 ng/ml vs. 89,004 
ng/ml) . It is proposed that this elevated serum calcium in 
stallions is secondary to the blockage of calcium channels. 
As would be expected if the elevated serum calcium of 
stallions is secondary to a blockage of calcium channels, 
the observed intracellular red blood cell calcium 'is 
significantly lower in stallions than it is in man. 
Hypocalcemia in man is associated with. some prostate cancers 

(103) . 

[0040] It is known that the highest concentration of zinc 
in a man's body is in his prostate gland (18). It also is 
known that the highest concentrations of prostaglandin E2 
(PGE2) are in his seminal vesicles (15, 15, 17) . In women, 
the highest concentration of PGE2 is in her breast tissue. 
A positive feedback occurs between PGE2 and zinc; PGE2 
increases the absorption of zinc from the gut (19, 20) and 
zinc increases the PGE2 levels in tissues (21, 22). In 
contrast to zinc, cadmium decreases ■ PGE2 levels (23, 24). 
Protease inhibitors also decrease PGE2, as secretory 
leukocyte protease inhibitors suppress the production of 



monocyte prostaglandin H synthase-2, PGE2 and matrix 
metalloproteinases (25) . PGF2a has opposing physiologic 
actions to PGE2 . 

[0041] It now has been found that a deficiency of cadmium 
hinders the movement of cadmium from cells to serum to red 
blood cells, and, therefore, the counter-movement of zinc 
from red blood cells to serum to cells, leading to abnormal 
shifts in the levels of zinc and cadmium and, therefore, 
zinc-containing and PGE2-dependent matrix 
metalloproteinases, and that these fluctuations are 
associated with a number of diseases. 

[0042] Thus, in accordance with one embodiment of the 
present invention, it now has been found that a person can 
be screened for an indication of or risk of developing a 
disease associated with unbalanced levels of cadmium in body 
fluids and tissues by measuring the level of cadmium, or the 
level of zinc, in a sample of his or her body fluid to 
determine whether the level is outside of normal, 
physiological levels. As used herein, an "unbalanced" or 
"fluctuating" level of cadmium means a level which is less 
than the minimum of the normal, physiological range. An 
unregulated or fluctuating level of zinc or calcium means a 
level which either exceeds the maximum, or is less than the 
minimum, of the normal, physiological range. For example, a 
person suffering from- a cadmium deficiency has a level of 
cadmium in his red blood cells, in his urine and, if a man, 
in his seminal plasma, which is below the normal levels of 
cadmium in red blood cells or seminal plasma. Given the 
opposing inter-relationship between cadmium and zinc in the 
body, such a person also typically will be found to have 
levels of zinc in his red blood cells and seminal plasma 
which exceed normal physiological levels. In contrast, a 
person with a cadmium deficiency has a relatively low amount 
of zinc and a relatively high amount of cadmium in tissues 
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such as his prostate, for, as a result of the deficiency, 
there is less cadmium moving out of the prostate into the 
serum and less zinc migrating from the serum into the 
prostate . 

[0043] The body fluid assayed can include serum or urine 
or, if the patient is a man, his seminal plasma.. It is 
preferred to assay either urine or seminal plasma. 
Alternatively, a . component of a body fluid, such as red 
blood cells (erythrocytes) , can be assayed to determine the 
level of cadmium. Assaying the level of cadmium in red 
blood cells is a preferred method of determining a cadmium 
deficiency. Below normal levels of cadmium in red blood 
cells also is an indicator of the presence of, or risk of 
developing, certain diseases. As used herein, references to 
assaying or measuring cadmium levels in body fluids is 
intended to include measuring cadmium in a body fluid 
component such as red blood cells. 

[0044] In accordance with this invention, the level of 
cadmium in a person's body fluid can be measured simply by 
taking a measure of the amount of cadmium in the selected 
body fluid. Thus, for example, a person can be screened for 
an indication of or risk of developing a disease associated 
with unbalanced levels of cadmium in body fluids and tissues 
by measuring the level of cadmium in a sample of his or her 
red blood cells, urine or, if the person is male, in his 
seminal fluid. 

[0045] A person is considered to be at risk for 
developing, or to be in the preliminary stages of 
developing, a disease, if the level of cadmium in his or her 
body fluid is more that about 15%, and preferably more than 
about 20%, below normal levels, or if the Ivel of zinc in 
his or her body fluid is more than about 15%, and preferably 
more than about 20% above normal levels. For example, low 
normal levels of cadmium in red blood cells of healthy men 



typically are in the range of about 1.2 - 1.3 ng/g. Men 
whose levels are less than about 1.0 ng/g have a cadmium 
deficiency. The lower limits of normal levels of cadmium in 
urine typically are about 0.26 - 0.28 ng/ml; a level less 
than about 0.23 ng/ml is an indication of cadmium 
deficiency. Low normal levels of cadmium in seminal plasma 
are about 3.2 - 3.4 ng/ml; a level of less than about 2.8 
ng/ml is considered deficient. 

[0046] A preferred way of determining whether someone has 

a cadmium deficiency is to measure not simply the 

concentration of cadmium in a body fluid or body fluid 

component, but to also measure the concentration of cadmium 

in a second body fluid and then to determine the movement of 

cadmium from one to the other. For example, one can measure 

the movement of cadmium between serum and red blood cells by 

using the following equation: 

Cd cone, in red blood cells 

(Cd cone, in red blood cells + Cd cone, in serum) 

In healthy men whose levels of cadmium are at or near the 

low end of the healthy range, this ratio typically is within 

the range of about 0.51 -0.53 (not corrected for 

hemoglobin); a level of less than about 0.44 is indicative 

of a cadmium deficiency. 

[0047] Similarly, a cadmium deficiency can be determined 

by measuring the concentration of cadmium in the person's 

serum and in his or her urine, and then determine the 

movement of cadmium between serum and urine by use of the 

following equation : 

Cd cone, in urine , 

(Cd cone, in urine -f- Cd cone, in serum) 

In healthy men whose levels of cadmium are at or near the 

low end of the normal range, this ratio typically is within 

the range of about 0.20 - 0.21 (not adjusted for 
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creatinine); a level of less than about 0.17 is indicative 
of a cadmium deficiency. 

[0048] If the level of cadmium in samples bf a person's 
body fluid is at least about 15% below normal levels (and/or 
the level of zinc in the samples is at least about 15% above 
normal levels) , one or more follow-up examinations and/or 
tests in accordance with conventional medical practice can 
be carried out to determine if the person is already in the 
early stages of a disease associated with a cadmium 
deficiency. If the person has no other indications of 
disease, one or more bioavailable cadmium salt(s) can be 
administered to balance his or her level of cadmium and 
also, therefore, regulate zinc to delay or prevent the onset 
of such a disease- If other indications of the presence of 
a disease are found, cadmium salt administration can be 
combined with one or more conventional therapies for the 
disease in question. 

[0049] The administration of the cadmium salt(s) will 
decrease elevated ratios of PGE2 : PGF2a and regulate 
zinc: cadmium in the recipient's body. As used herein, 
"balancing" or '^regulating" means to minimize or eliminate 
abnormal deviations in the level of zinc or cadmium in body 
fluids. Thus, it means to minimize or eliminate abnormally 
high levels of, or abnormal shifts or fluctuations in the 
levels of, zinc (and, therefore, zinc-containing and PGE2- 
dependent matrix metalloproteinases ) in body fluids or to 
increase below normal levels of, or abnormal shifts or 
fluctuations of, cadmium to approximate normal physiological 
levels. Diseases associated with unbalanced levels of 
cadmium and/or unregulated levels of zinc or increased 
levels of zinc-containing or PGE2-dependent matrix 
metalloproteinases in body fluids include diabetes, 
osteoporosis, Alzheimer's disease, hypertension and cancers, 
such as prostate cancer, colon cancer and breast cancer. 



[0050] To balance the systemic cadmium levels and to 
regulate the systemic zinc levels in a person who has been 
found to have unbalanced levels of cadmium and/or 
unregulated levels of zinc in his or her body fluids, 
cadmium salts are administered. The cadmium salts regulate 
the PGE2 : PGF2a and zinc: cadmium ratios in the patient's 
blood, other body fluids and tissues. In turn, as matrix 
metalloproteinases are regulated by zinc and PGE2, the 
systemic decrease in zinc and PGE2 levels resulting from the 
cadmium administration inhibits the PGE2-dependent matrix 
metalloproteinases . By regulating the level of matrix 
metalloproteinases , zinc, and cadmium, the onset of diseases 
which have been shown to be asso^ciated with unregulated 
levels of zinc in body fluids and tissues and matrix 
metalloproteinases in the body can be prevented or delayed,' 
and the progression of the disease in one who has already 
contracted it can be halted or slowed. 

[0051] Cadmium salts can be administered as an effective 
therapy for persons suffering from diseases associated with 
unregulated levels of zinc (and, therefore, high levels of 
zinc-containing and PGE2-dependent matrix 

metalloproteinases) and/or unbalanced levels of cadmium in 
body fluids and/or high calcium channel influx. Cadmium 
administration serves to decrease elevated ratios of 
PGE2:PGF2a and to regulate ratios of zinc: cadmium in the 
body fluids of a human. Cadmium administration also serves 
to block calcium channels and, therefore, to regulate the 
influx of extracellular calcium into red blood cells and 
other cells. As used herein, '"treatment" includes halting 
or slowing the progress of a disease. Diseases which are 
influenced by zinc, cadmium and matrix metalloproteinase 
levels include diabetes, osteoporosis, Alzheimer's disease 
and hypertension and cancers, such as prostate, colon and 
breast cancer. Diseases which are influenced by high 
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amounts of calcium in red blood cells include hypertension 
and certain cancers^, such as prostate cancer. 

[0052] For example, as noted above, high levels of matrix 
metalloproteinases have been shown to be associated with the 
metastasis of at least certain types of cancer cells. 
Accordingly, bioavailable cadmium salts can.be administered 
to effect a treatment for, or to prevent or delay the onset 
of, certain types of cancer, such as prostate cancer, colon 
cancer or breast cancer. By regulating the concentration of 
zinc and cadmium in body fluids the concentration of zinc- 
containing and PGE2 -dependent matrix metalloproteinases can 
be decreased and stabilized. 

[0053] It also has been found that significant 

fluctuations of normal zinc concentrations are associated 
with the onset and progression of other diseases. For 
example, diabetes patients have been shown to have 
approximately double the normal amounts of zinc in their 
urine and about 15 - 20% below normal levels of zinc in 
their blood (77, 78). It also has been found that 
osteoporosis patients often have increased urinary zinc 
excretion (101). In addition, cadmium levels have been 
found to be abnormally low in the cerebrospinal fluid (CSF) 
of Alzheimer's patients. The administration of a 
physiologically and bioavailable cadmium salt can minimize 
these fluctuations and regulate the levels of zinc excreted 
in urine. Although not wishing to be bound by theory, it 
appears, as noted above, that cadmium competes with zinc in 
pathways in the body. Thus, in the case of a diabetic 
patient who has large amounts of zinc in his urine, it is 
postulated that the administration of cadmium leads to a 
competition between the processing of cadmium and the 
processing of zinc in the patient's kidneys, resulting in 
less zinc being excreted in the urine and an accompanying 
adjustment in systemic zinc levels to more normal levels. 
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In patients with elevated systemic levels of zinc, the 
administration of cadmium serves to lower the ratio of zinc 
to cadmium. 

[0054] Cadmium salts are administered to a patient so as 
to regulate the PGE2 : PGF2a and zinc: cadmium ratios in the 
patient's blood and other body fluids and body fluid 
components and tissues, thereby regulating the patient's 
systemic levels of zinc, cadmium and PGE2 . The cadmium 
salts are administered in a series of daily doses in 
effective amounts . 

[0055] Cadmium salt(s) and other agents which optionally 
can be administered in combination with them, as discussed 
in detail below, can be administered orally, parenterally or 
by inhalation at a dose level of about 0.025 to about 2 
mg/day. Oral administration, such as by capsules, tablets, 
suspensions or solutions, is preferred. Cadmium salt(s) 
conveniently are administered in the form of tablets. The 
cadmium salt(s) can be mixed with one or more lubricants, 
such as stearic acid or magnesium stearate, flavor 
ameliorating agents, disintegrating elements, including 
potato starch and alginic acid, binders, such as gelatin and 
corn starch, and/or tablet bases, such as lactose, corn 
starch and sucrose, and then pressed into tablets. 
Alternatively, the cadmium salt(s) can be given in the form 
of capsules, prepared by mixing the salt(s) with a 
pharmaceutically acceptable excipient and then filling 
gelatin capsules with the mixture in accordance with 
conventional procedures. If administered orally, the 
cadmium salt typically is administered at a dose of about 
0.5 mg to about 2 mg per day, preferably about 0.8 to about 
1.2 mg per day, and most preferably about 1 mg per day. 
[0056] As an alternative to oral administration cadmium 
salt(s) can be administered parenterally, provided in 
injectable doses of a solution or suspension in a 
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physiologically acceptable diluent with a pharmaceutical 
carrier. The carrier can comprise water or an oil and also 
optionally can comprise a surfactant or other 
pharmaceutically acceptable adjuvant. If administered 
parenterally, the cadmium salt typically is administered at 
a dose of about 0.025 mg to about 0.1 mg per day, preferably 
about 0.04 mg to about 0.06 mg per day. 

[0057] As a further alternative, the cadmium salt(s) can 
be administered by inhalation. The salt(s) are provided in 
an aerosol spray and administered via an inhaler. If 
administered by inhalation, doses typically are within the 
range of about 0.05 to about 0.2 mg per day, preferably 
about 0.08 to about 0.12 mg per day, and most preferably 
about 0.1 mg per day. 

[0058] For all avenues of administration, the doses 
useful in treating a disease are comparable to those to be 
used for preventing the disease. 

[0059] Suitable salts are bioavailable cadmium salts. 
Such salts include the sulfate, nitrate, chloride and 
acetate salts. A single salt can be administered or a 
combination of salts can be used. 

[0060] Optionally, the one or more cadmium -salts can be 
administered in combination with at least one further 
therapeutic agent. In one embodiment of the invention, the 
cadmium salts are administered in combination with at least 
one estrogenic compound. This combined administration of 
cadmium salt and estrogen can be beneficial in the treatment 
or prevention of diseases associated with unregulated levels 
of zinc, and is of particular benefit for the prevention or 
treatment of prostate cancer. The estrogenic compound (s) 
act synergistically with the cadmium salt(s) to directly 
prohibit PGE2 production in semen, blood and other bodily 
fluids. A single estrogen can be administered or a mixture 
of estrogens can be used. Suitable conjugated estrogenic 



compounds include those found in commercially available 
estrogen preparations, such as Premarin®, or a plant-based 
or synthetic conjugated estrogen preparation, such as 
Cenestin®, Estrace, Estraderm or OrthoDienestrol . The 
principal estrogen in Premarin® is sodium estrone sulfate. 
The estrogenic compound (s) can be administered at a daily 
dose of about 0.1 mg to about 0.5 mg, preferably about 0.3 
mg per day. The actual amount of estrogen (s) used will 
depend upon the particular estrogen selected and its 
relative potency. 

[0061] Another embodiment of the present invention 
comprises the administration of cadmium salt{s) in 
combination with one or more protease inhibitors to 
synergistically decrease levels of PGE2 concentration in 
blood, and other body fluids. Proteases play pivotal roles 
in sperm function (58, 59, 60, 61, 62) and cancer cell 
metastasis (64, 65, 66, 67, 68, 69, 70, 71, 72, 73). The 
administration of protease inhibitors can block these 
proteases and thereby decrease sperm and cancer cell 
function. A number of protease inhibitors are known and 
have been proposed or used as therapeutic agents. For 
example, several studies have described the negative effects 
of protease inhibitors on fertility. Protease inhibitors 
can decrease the penetration rate of human sperm into 
oocytes (58) and, in seminal plasma, can act as 
decapacitation factors (61, 62). 

[0062] In addition, a number of patents, such as U.S. 
Patent 5,830,888, U.S. Patent 5,708,004, U.S. Patent 
5,602,175, and U.S. Patent 5,527,829, describe the 
administration of protease inhibitors as anti-HIV 
therapeutics. A number of protease inhibitors (e.g., 
invirase, ritonavir, indinavir sulfate, and nelfinavir 
mesylate) have been found to prevent reverse transcription 
of HIV (63) . 



[0063] U.S. Patent 4,906,457 reports the use of protease 
inhibitors for cancer protection. A serine protease 
inhibitor, FOY-305, inhibits the invasion of tumor cells 
through interference with the u-PA activity of tumor cells 

(64). Selective protease inhibitors at 10 nM concentration 
in the culture medium inhibit the migration of tumor cells 
in a Matrigel assay (65). Dietary phytochemicals have 
protease inhibitory activity, and also inhibit cancer (66) . 
The recognized relationship between protease inhibitors and 
cancer is demonstrated by a second conference on ^'Proteases 
and Protease Inhibitors in Cancer" that was held in 1998 

(68) . 

[0064] Useful protease inhibitors in accordance with the 
present invention include those in the patents cited above, 
the teachings of which are incorporated herein by reference, 
and those found in stallion urine. U.S. Patent 3,912,704, 
incorporated herein by reference, describes protease 
inhibitors from stallion urine. The molecular weight of the 
protease inhibitors from stallion urine are 26,000-28,000 by 
gel filtration, 17,000 by polyacrylamide gel 
electrophoresis, and 20,400 by ultracentrif uge . Other 
suitable protease inhibitors include those described in the 
patents cited above, including indinavir sulfate, 
commercially available as Crixivan® (Merck) ; ritonavir, 
commercially available as Norvir® (Abbott) ; invirase, 
commercially available under the name Saquinavir® (Immunet) ; 
and nelfinavir mesylate, commercially available as Viracept® 
(Agouron) . 

[0065] When one or more protease inhibitors is 
administered in combination with the cadmium salt(s), the 
dose of the protease inhibitor varies depending upon the 
particular inhibitor or inhibitors chosen, but typically is 
in the range of from about 600 mg to about 2400 mg per day, 
depending upon the strength of the particular compound (s) of 
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interest. For example, a preferred daily dose of indinavir 
sulfate typically is about 800 mg orally every eight hours, 
a preferred daily dose of ritonavir is within the range of 
about 300 mg to about 600 mg twice a day, a preferred daily 
dose of invirase is about 200 mg three times a day and a 
preferred daily dose of nelfinavir mesylate is about 750 mg 
three times per day. If desired, the protease inhibitor can 
be administered in combination with an estrogenic compound 
in addition to a cadmium salt. 

[0066] In accordance with this invention, for purposes of 
the prevention or treatment of prostate cancer, breast 
cancer or colon cancer, the cadmium salts are administered 
in a series of doses in an amount sufficient to prevent or 
inhibit the formation, growth, division, or metastasis of 
cancer cells. For purposes of the prevention or treatment 
of diabetes, osteoporosis, hypertension or Alzheimer's 
disease, the cadmium salt(s) are administered in a series of 
doses in an amount sufficient to regulate fluctuations in 
the levels of zinc and the zinc-containing and PGE2- 
dependent matrix metalloproteinases in the patient's body 
fluids which have been found to be associated with the 
disease. 

[0067] The examples set forth below are intended to 
further illustrate the present invention and are not 
intended to be limiting. 

EXAMPLES 

[0068] As shown in Example 1, 1) PGE2, PGF2a, and zinc 
occur at higher concentrations in man's than in stallion's 
semen and cadmium occurs at a lower concentration in man's 
than in stallion's semen, and 2) the ratio of PGE2 : PGF2a is 
higher in man' s semen than in stallion' s semen and the ratio 
of zinc: cadmium is higher in man's semen than in stallion's 
semen . 
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[0069] As shown in Example 2, observed sperm motility in • 
5 stallions was higher when the zinc : cadmium ratio was 
higher . 

[0070] Example 3 provides the results of assays of 
cadmium, zinc and calcium levels in body fluids and the 
movement of cadmium and zinc from one body fluid to another. 



Example 1 
Evaluation of Semen Samples 



[0071] SEMEN COLLECTION: Sperm-rich fractions of semen 
were collected from 8, healthy Morgan stallions aged 2-15 
years old. The collected semen was immediately diluted 1:1 
with 20 mg/ml aspirin in ultra-pure water and transported on 
ice to the laboratory. The stallion semen samples were 
frozen until analysis. Just prior to assay, samples were 
thawed and purified by centrif ugation and then assayed for 
PGE2, PGF2, zinc and cadmium. 

[0072] Nine semen samples were collected from a healthy, 

4 6-year-old man over a 45-day period which began on November 
13. The first five of the samples were collected over the 
first 27 days and were collected as controls. Then, over an 
18 day period, the man was administered 350cc of stallion 
urine twice daily. The urine previously had been harvested 
from three Arabian stallions and frozen. The remaining four 
samples of the man's semen were collected during this 18 day 
period. Each semen sample was purified by centrif ugation and 
the top 1 ml was aspirated and frozen. The remaining semen 
also was frozen, then, just prior to assay, the samples were 
thawed and purified by centrif ugation and then assayed for 
PGE2, PGF2, zinc and cadmium. 

[0073] Centrif ugation of both stallion and man's semen 
samples consisted of a primary centrif ugation to remove 
cells and debris (at 500 x g for 10 minutes at 4°C) and then 



a secondary centrif ugation to remove large proteins (at 
80,000 X g for 90 minutes at 4°C). The stallion semen and 
all human semen samples were assayed for PGE2 and PGF2a by 
radioimmunoassay or enzyme immunoassay. 

[0074] PGE2, PGF2a, ZINC, AND CADMIUM ASSAYS: 
Concentrations of PGE2 in human semen were quantified using 
acetylcholinesterase competitive enzyme immunoassay kits 

(Cayman Chemical Company, Ann Arbor, MI), The assay uses 
96-well microtiter plates, with goat anti-mouse polyclonal 
antibody previously bound to each well, and pure 
acetylcholinesterase from the electric eel {Electrophorus 
electricus) that is covalently coupled to PGE2 as the 
enzymatic tracer. The human semen PGE2 assays were 
performed according to manufacturer's directions. Briefly, 
semen samples were thawed and further purified by 
chromatography (using Waters Sep-Pak cartridges (Millipore 
Corp. Milford, MA) ) . Purified samples then were 
reconstituted with 450 pi of EIA buffer, and diluted to 
final concentrations of 1/10,000 to 1/100,000. Fifty 
microliters of each sample (from each dilution) were added 
to each well, followed by 50 \il of PGE2 acetylcholinesterase 
tracer and 50 pi of PGE2 monoclonal, anti-PGE2 antibody per 
well. Each dilution from each of the 9 semen samples was 
assayed in duplicate. Plates were incubated for 18 hours at 
4°C, were then rinsed thoroughly with wash buffer, and 200 
pi of Ellman' s reagent was added to each well. Development 
occurred after 60-90 minutes in darkness. Plates were read 
at 405-420 nm with a spectrophotometer. Simultaneously 
incubated were wells with 50 \il of PGE2 standard with 50 pi 
of tracer and 50 pi of anti-PGE2 antibody. Nonspecific 
binding was determined by incubating 100 pi of EIA buffer 
and 50 pi of tracer, and maximum binding (Bq) was determined 
by incubating 50 pi EIA buffer, 50 pi of tracer, and 50 pi 
of anti-PGE2 antibody. 



[0075] Concentrations of PGF2a in stallion semen samples 
and in human semen samples were quantified by 
radioimmunoassay, with [5, 6, 8, 9, 11, 12, 14, 15(n)-^H]- 
PGF2a (sa 200 Ci/mmol; New England Nuclear, Boston, MA), 
rabbit anti-PGF2a antibody (1:20, 000 final dilutions- 
supplied by D.H. Dubois & F.W. Bazer) and Lutalyse (Upjohn 
Co., Kalamazoo, MI) for standards (94). Briefly, just prior 
to assaying, diluted, previously frozen stallion semen 
samples were thawed and purified by centrif ugation (as 
described above) . Human semen samples (which had been 
centrif uged prior to freezing) were thawed and diluted 1:1 
with 20 mg/ml aspirin in ultra-pure water. Assay tubes 
received 25 pi of each sample plus 100 |al of [3H]-PGF2a, 200 
\il of assay buffer (50 mM Tris HCl and 0.01% NaN3 at pH 7.5, 
4°C), and 100 |il of anti-PGF2a. Tubes were incubated at 
room temperature for 30 minutes and then 18-24 hr at 4°C. 
Free PGF2a was then separated from antibody-bound PGF2a by 
addition of 0 . 5 ml of 0.25% Norit A charcoal and 0.025% 
dextran (in assay buffer) for 4 min at 4°C, followed by 
centrif ugation for 10 min at 1,800 x g and at 4°C. The 
amount of antibody-bound [3H]-PGF2a in 0.5 ml of supernatant 
was determined by liquid scintillation spectrometry. A log- 
logit regression program was used to calculate 
concentrations of PGF2a (95). Assay sensitivity is 2.5 
pg/tube (p<0.01). Cross-reactivity of the antisera is 63.0% 
for PGFla, 0.3% for PGE2, and <0.1% each for 6-keto-PGFla, 
PGFM and arachidonic acid (94). 

[0076] After dilution, freezing, thawing, and 
purification of the stallion semen samples, concentrations 
of PGE2 were quantified similarly using the same 
radioimmunoassay techniques as for PGF2a, except with [5, 6, 
8, 11, 12, 14, 15 (n)-^H] -PGE2 (sa 200 Ci/mmol; New England 
Nuclear, Boston, MA), rabbit anti-PGE2 (1:20,000 final 
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dilution; supplied by D.H. Dubois & F.W. Bazer) and PGE2 
(Sigma Chemical Co., St. Louis, MO) for standards. 
[0077] STATISTICS: The mean concentrations of PGE2, 
PGF2a, zinc, and cadmium, and the mean ratios of PGE2 : PGF2a 
and zinc: cadmium were contrasted by the Student T test 
between stallion semen and human semen (control samples) and 
among human samples. 

RESULTS 

[0078] Tables 1 and 2 show the results of experiment 1. 
In experiment 1, PGE2 is 4,556 (368,570.0/80.9) times 
greater (p<0.01) in concentration (ng/ml) in man's than in 
stallion semen. PGF2a is 116 (231.6/2.0) times greater 
(p<0.01) in concentration (ng/ml) in man's than in stallion 
semen. The PGE2 : PGF2a ratio is 1597:1 (368,570.0/231.6) in 
man's semen, and 39:1 (80.9/2.0) in stallion semen. 
Therefore, the PGE2 : PGF2a ratio is 41 (1597/39) times 
greater (p<0.01) in man's than in stallion semen. 
[0079] Also, from experiment 1, zinc is 76 
(68,640.0/897.3) times greater (p<0.05) in concentration 
(ng/ml) in man's than in stallion semen. In contrast, 
cadmium was below detectable levels (<0. 2^ ng/ml) in all of 
the man's control semen samples, but was detected (1.6 to 
11.4 ng/ml) in 5 of the 8 stallion semen samples. 
Therefore, cadmium is at least 13 (2.6/0.2 ng/ml) times 
greater (p<0,01) in concentration (ng/ml) in stallion than 
in man's semen. The zinc: cadmium ratio is 301 
(343,200/1,139) times greater (p<0.05) in man's than in 
stallion semen. 
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Table 1. Prostaglandin E2 (PGE2) , prostaglandin F2 alpha 
(PGF2a) , zinc, and cadmium concentrations (mg/ml) in 
stallion semen. 



Sample 
No . 


PGE2 


PGF2a 


(ratio) 


Zinc 


Cd. 


(ratio) 


-1 
1 


Q /I O 


1 O 


( oz : 1 ) 


1., 624.0 


< 0.4 


(4,060:1) 






1 a 
1 . o 


( 4 o : 1 ) 


yzo . 0 


11.4 


(81:1) 




o U . / 


o . U 


( Z / . 1 ) 


1 n /I Q A 
i , U 4 o . U 


Z . U 


(524:1) 


4 


63. 4 


2 . 7 


(23: 1) 


596.0 


1.6 


(373: 1) 


5 


214 . 7 


3.5 


(61:1) 


1, 302.0 


3.2 


(407 : 1) 


6 


51. 5 


1 . 7 


(30:1) 


296.0 


1 . 6 


(185: 1) 


7 


48 . 6 


0.9 


(54:1) 


484.0 


< 0.4 


(1,210: 1) 


8 


21.6 


1.0 


(22:1) 


908 .0 


< 0.4 


(2,270: 1) 


Average 


80 . 9 


2.0 


(39:1) 


897 .3 


2 . 6 


(1, 139: 1) 



CONCLUSIONS 

[0080] The concentration of PGE2 is 4,556 times greater 
and the concentration of PGF2a is 116 times greater in man's 
than in stallion's semen. Also, the PGE2 : PGF2a ratio is 41 
times greater in man's than in stallion's semen. Therefore, 
the stallion has regulatory mechanisms that maintain a 4,000 
fold lower concentration of PGE2 and a 100 fold lower 
concentration of PGF2a than in the semen of man. Because 
the PGF2a concentration is only 100 fold lower in stallions 
than in man, the ratio of PGE2 : PGF2a is 41 times lower in 
stallion's semen than in man's semen. 

[0081] The concentration of zinc is 76 times greater and 
the concentration of cadmium is at least 13 times lower in 
man's than in stallion's semen. Also, the zinc: cadmium 
ratio is at least 301 times greater in man's than in 
stallion's semen. Therefore, the stallion has regulatory 
mechanisms that maintain a 76 fold lower concentration of 
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zinc and a 13 fold higher concentration of cadmium than in 
the semen of man. 

Example 2 

Materials and Methods: 

[0082] Two ejaculates were collected from each of five 
Quarter Horse stallions. Each ejaculate was evaluated for 
gel-free volume, sperm concentration, and sperm motility . 
In addition, each sample was chemically analyzed for the 
concentration of cadmium. 



Table 2. Concentration of cadmium and sperm motility in 
paired ejaculates from five Quarter Horse stallions. 



stallion 


Ejaculate Number 


Cadmium 


Sperm 






(pg/ml) 


Motility 


A 


2 


0.2 


70 




1 


1.0 


60 


D 


1 


0.3 


85 




2 


0.4 


75 


G 


2 


0 . 3 


80 




1 


1 . 0 


67 . 5 


H 


1 


0.2 


85 




2 


1 . 4 


80 


I 


1 


0 . 5 


82 . 5 




2 


0.6 


75 



Results 

[0083] In all five stallions, when the concentration of 
cadmium increased, the sperm motility decreased. Motility 
of sperm correlates to sperm viability and fertility and 
these data show that the sperm motility is higher in semen 
from paired semen samples when the naturally occurring 
concentration of cadmium is lower in the semen. Sperm 
viability is an indicator of the proliferation environment 
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of the stallion's prostate gland. Thus, the higher cadmium 
values from semen decreases the proliferation (metastasis) 
of prostate cells and replication of viruses within the 
prostate environment. This test supports the thesis that 
elevating the cadmium concentration in man' s prostate gland 
to mimic that of the stallion' s relatively high cadmium 
concentration in his prostate gland decreases man's 
incidence of prostate cancer and other diseases. 

Example 3 

Experiment A 

[0084] Seven healthy, non-smoking men ages 30 - 52 fasted 
from 6:00 p.m. of one evening until 8:00 a.m. the next day, 
then each had a standard breakfast consisting of a poppy 
seed muffin and a half liter of orange juice. Blood and 
urine collection began at 5:00 a.m. and ended at 8:00 p.m. 
Every hour one syringe of blood was drawn from a catheter 
for the purpose of obtaining blood serum. During the hours 
of 8:00 a.m., 1:00 p.m. and 7:00 p.m. blood was drawn every 
15 minutes. The men consumed a prepared lunch of chicken 
salad between the hours of 12 noon and 2:00 p.m. Two liters 
of bottled water were provided to each man to drink freely 
throughout the day. Urine samples were collected at two 
hour intervals. Eight urine samples and twenty four blood 
samples were collected for each man. 

Experiment B 

[0085] Fifty five men were recruited as volunteers for 
the collection of blood. Two samples were collected per man 
for the purpose of obtaining blood serum and erythrocytes. 
The men were non-smokers, healthy and ranged in age from 19 
to 61 years with a mean age of 38 years. 
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[0086] Fifty five mixed breed light horse stallions were 
recruited as comparative subjects to the men. The stallions 
were healthy and ranged in age from 2 to 31 years. Two 
blood samples were obtained from each stallion. 

Experiment C 

[0087] One hundred and two men participated in a one day 
study involving urine and blood collection. Participants 
were selected based on their PSA levels. Fifty five of the 
men had a PSA level of less than 2.0 ng/ml and were 
identified as having a low PSA. Forty seven men comprised 
the second group and had PSA levels of 2.0 ng/ml or higher. 
The men fasted from 6:00 p.m. the evening prior to sampling 
until breakfast at 8:00 a.m. the day of collection. Each 
man had a standard breakfast of a poppy seed muffin and a 
half liter of orange juice. Blood and urine collection 
began at 6:00 p.m. and ended at 8:00 p.m. Two syringes of 
blood were drawn from each man prior to 12 noon for the 
purpose of obtaining blood serum and erythrocytes. The men 
consumed a prepared lunch of a large chicken salad between 
the hours of noon and 2:00 p.m. Two liters of bottled water 
were provided for each man to drink freely throughout the 
day. Each man was given a urine collection kit and 
instructions to obtain his urine sample during the day. 
Urine was collected every other hour for a total of eight 
samples per man. 

Experiment 4 

[0088] Three healthy men with low PSA levels (below 2 
ng/ml) volunteered for weekly blood and urine collection 
while a serial treatment of zinc, zinc with cadmium, and 
cadmium was administered. Treatment was given daily over a 
nine week period, followed by three weeks of continued 
sampling with no treatment. The zinc was administered in 
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the form of zinc sulfate (Zn SO4) at a daily dosage of 75 
mg. The cadmium was administered in the form of cadmium 
sulfate (CdS04) at a daily dosage of 1 mg. Blood and urine 
were collected one day prior to the beginning of treatment 
for purposes of establishing a baseline level of chemicals 
in the blood and urine. Zinc salt administration began on 
the second day of the study and was administered each 
morning. On day 15, the cadmium salt administration was 
begun in the evening, with continued zinc salt 
administration continuing in the morning. Zinc 
administration was discontinued on day 43; cadmium 
administration continued through day 57. On days 58 - 78 of 
the study, neither zinc nor cadmium was administered, but 
blood and urine samples continued to be collected. Blood 
and urine were collected one day each week (days 1, 8, 15, 
etc.) for a total of 12 collection days over an 11 week 
period . 

[0089] The men food fasted for 24 hours each collection 
day, beginning at 6:00 p.m. the prior evening and continuing 
until 6:00 p.m. the evening of the collection day. Two 
liters of bottled water were provided to each man to drink 
freely throughout the day. Two syringes -of blood were drawn 
from each man prior to 12 noon each collection day for the 
purposes of obtaining blood serum and erythrocytes. Each 
man was given a urine collection kit and instructions to 
obtain his urine sample during the day. Urine was collected 
every two hours beginning at 6:00 a.m. and ending at 6:00 
p.m., totaling seven samples per man. Complete urinalysis, 
comprehensive metabolic, urine protein, and hemogram tests 
were performed on samples. 



Blood Collection 

[0090] Erythrocytes and blood serum were collected in a 
similar fashion for men and stallions in all experiments. 
Erythrocytes were not collected in Experiment A. A 
phlebotomist drew blood from the men. Venipuncture 
procedures were followed to obtain blood from the stallions 
All blood samples were collected in two 9 ml heavy metal 
free syringes (Monovette, Sarstadt, Inc., Newton, NC) . One 
syringe contained 250pl of EDTA and was used to obtain 
erythrocytes. Immediately after collection, the EDTA tube 
was mixed gently and then centrifuged at 800 G for 15 . 
minutes. The plasma then was removed along with a layer of 
white blood cells. The erythrocytes were washed in the 
following manner. Three ml. of Tris (Tris hydroxymethyl 
aminomethane hydrochloride) buffered saline (pH 7.0) were 
added to the erythrocytes and the combination was mixed 
gently for 1 minute. The tube was centrifuged at 800 G for 
15 minutes. The supernatant subsequently was removed and 
the process was repeated once more. After washing, the 
erythrocytes were re-suspended in a volume of saline equal 
to the original volume of blood. 

[0091] The second syringe contained no EDTA and was used 
to collect blood serum. After collection, the whole blood 
samples were stored at room temperature (21°C) until the 
blood clot contracted. Tubes then were centrifuged at 800 
for 15 minutes. The serum subsequently was removed with a 
disposable polypropylene transfer pipette and placed into 
1.7 ml micro centrifuge tubes (Gene Mate Dist. by ISC Bio 
Express, Kaysville, UT) . All processed blood samples were 
stored in a -80°C freezer until analyzed. 



Urine 
[0092] 

metal 



Collection 

Urine samples from the men 
free polypropylene cups which 



were collected 
had been rinsed 



in heav 
with 



Radiacwash (Biodex Medical systems, Shirley, NY) to removed 
heavy metal and ion residue. The urine was kept 
refrigerated following collection. At the end of the 
collection period, the samples were retrieved and processed 
The urine from each cup was transferred into 30 ml 
polypropylene bottles previously rinsed with Radiacwash and 
stored in a -80°C freezer. 

[0093] To collect urine from the stallions, an open end 
of a plastic fingerless sleeve was attached to a 5-1/2 inch 
plastic embroidery hoop. The hoop was secured over the 
sheath of the stallion with a 4 inch ace bandage wrapped 
around the lower abdomen. Each time a horse urinated, the 
collection device was removed and replaced with a new one. 
Immediately following each collection the urine sample was 
transferred into 60 ml polypropylene bottles that had been 
washed with Radiacwash. The samples were stored in a -80°C 
freezer . 

PSA 

[0094] One ml of blood serum was used for PSA assays. 
Total and- free PSA were analyzed using Hybritech® PSA from 
Beckman Coulter. Results were reported in ng PSA/ml of 
serum. 

Heavy Metal Analysis 

[0095] Serum and urine calcium, zinc and cadmium were 
reported in ng/ml and yig/ml. All samples were stored in a 
80°C freezer. Samples were digested using an AIM-500 
DriBlock programmable Digester with UTAK Normal Range 
Control and Chem TRAK Plus Level 1. Heavy metal analysis 
was performed using a Perkin Elmer Optima 3300 DV ICPAES. 



Results 

[0096] As shown in Table 3, serum calcium was less in 
seven men than in the seven stallions (Experiment A) . The 
lower calcium in men than stallions was interpreted to 
result from greater penetration of calcium into cells with 
expected higher cell activity. Lower serum calcium and 
greater erythrocyte calcium was detected in 55 men than in 
55 stallions (Experiment B) (Table 4). Blockage of calcium 
penetration into erythrocytes (defined as serum 
calcium/erythrocyte calcium) was four times lower for the 
men than for the stallions. 



Table 3 

Calcium, Zinc, and Cadmium (ng/ml) in the Serum 
and Urine of 7 Men and 7 Stallions (Experiment A) 







Men 


Stallions 


(p value) 


Calcium 


Serum 


89,014 . 998 


116, 076. 012 


(<0 . 001) 




Urine . 


92, 658 . 323 


1, 515, 423.775 


(0 . 001) 




Urine/Serum 


1. 035 


13.094 


(0 . 001) 




Ur/ (Ur+Ser) 


0.444 


0.873 


(0. 001) 




Serum/Urine 


1. 661 


0. 178 


(0. 001) 




Ser/ (Ser+Ur) 


0 . 556 


0. 127 


(0 . 001) 












Zinc 


Serum 


8 4 2.374 


455. 698 


(<0 . 001) 




Urine 


600 . 454 


133. 628 


(0 . 001) 




Urine/Serum 


0.743 


0.284 


(0 . 026) 




Ur/ (Ur+Ser) 


0 . 386 


0.207 


(0. 026) 




Serum/Urine 


1. 919 


5.218 


(0.26) 




Ser/ (Ser+Ur) 


0. 614 


0.793 


(0 . 026) 












Cadmium 


Serum 


0.927 


1.214 


(0 . 251) 




Urine 


2 . 167 


0.201 


(<0 . 001) 




Urine/Serum 


2 . 527 


0. 185 


(<0. 001) 




Ur/ (Ur+Ser) 


0. 682 


0. 152 


(<0. 001) 




Serum/Urine 


0.514 


7.523 


(<0. 001) 




Ser/ (Ser+Ur) 


0.318 


0.848 


(<0. 001) 
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Table 4 

Calcium, Zinc, and Cadmium (ng/ml) in the Serum and 
Erythrocytes of 55 Men and 55 Stallions (Experiment B) 
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Ser/ (Ser+Eryth) 


0.244 


0.325 
















SIS? 


Cadmium 


Serum 


0.942 


1.040 


(<0. 001) 






Erythrocytes 


1.311 


0. 608 


(0. 003) 






Erythrocytes /Serum 


1 .438 


0 . 591 


(0. 001) 






Eryth/ (Eryth+Ser) 


0 .448 


0.365 


(0. 009) 






Serum/Erythrocytes 


1 . 970 


1.824 


(0.300) 






Ser/ (Ser+Eryth) 


0.552 


0. 635 


(0.009) 



[0097] PSA measures prostate cell activity and calcium 
penetration into cells in men greater than 50 years of age, 
men with high PSA (defined as 2.0 ng/ml or greater) were 
expected to have low serum calcium, high erythrocyte calcium 
and low blockage of calcium penetration into erythrocyte 
when contrasted with men with PSA of less than 2.0 ng/ml. 
As predicted, serum calcium was less, erythrocyte calcium 
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was greater and blockage of calcium penetration into 
erythrocytes was less for men with high PSA than men with 
low PSA (Table 5). Calcium was observed to have lower 
extracellular concentrations (serum) , higher intracellular 
concentrations (erythrocytes) and lower blockage to 
erythrocyte penetration in individuals with high 
proliferation (i.e., men vs. stallions (Experiments A and B) 
and men with high PSA vs. men with low PSA (Experiment C)) . 



Table 5 

Calcium, Zinc, and Cadmium (ng/ml) in the Serum, 
Erythrocytes, and Urine of 55 High PSA Men (>2.0 ng/ml) 
and 47 Low PSA Men (<2.0 ng/ml) (Experiment C) 







High PSA Men 


Low PSA Men 


(p value) 


Calcium 


Serum 


94, 475. 839 


97, 942 . 122 


(<0.001) 




Erythrocytes 


997. 187 


764.627 


(<0.001) 




Urine 


26, 839. 109 


29, 605.251 


(0.248) 




Erythrocytes /Serum 


0.011 


0.008 


(<0.001) 




Eryth/ (Eryth+Ser) 


0. 010 


0.008 , 


(<0. 001) 




Serum/Erythrocytes 


119. 858 


551.226 


(<0. 001) 




Ser/ (Ser+Eryth) 


0.990 


0. 992 


(<0 . 001) 




Urine/Serum 


0.283 


0.302 


(0.386) 




Ur/ (Ur-hSer) 


0. 197 


0 .212 


(0.370) 




Serum/Urine 


9. 184 


5.608 


(0.204) 




Ser/ (Ser+Ur) 


0.803 


0.788 


(0.370) 












Zinc 


Serum 


901. 900 


1, 025 . 993 


(<0. 001) 




Erythrocytes 


2, 025. 308 


1, 753, 628 


(0.166) 




Urine 


182. 817 


190.157 


(0.386) 




Erythrocytes /Serum 


2.253 


1.740 


(0.014) 




Eryth/ (Eryth+Ser) 


0. 651 


0.596 


(0.016) 




Serum/Erythrocytes 


0. 663 


0.772 


(0.016) 
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Urine/Serum 


0. 125 


0. 176 


(0. 012) 




Ur/ (Ur+Ser) 


0. 107 


0. 142 


(0.012) 




Serum/Urine 


11.885 


9.507 


(0.012) 




Ser/ (Ser+Ur ) 


0.893 


0.858 


(0.012) 



[0098] In men over 50 years of age in Experiment C, serum 

calcium was correlated with erythrocyte cadmium/ (erythrocyte 
cadmium +serum cadmium) (defined as the counter-exchange of 
serum cadmium to erythrocytes) (r=0.24; p= 0.017). The 
lower the counter-exchange of serum cadmium to erythrocytes, 
the lower the serum calcium, supporting the hypothesis that 
decreased cadmium decreases a blockage of calcium 
penetration into cells. 

[099] Serum calcium/ erythrocyte calcium (defined as 

cell blockage to calcium penetration) was positively 
correlated with the counter-exchange of serum cadmium to 
erythrocytes (erythrocyte cadmium/ (erythrocyte cadmium + 
serum cadmium)) (r=0.22; p=0.025). The lower the counter- 
exchange of serum cadmium to erythrocytes, the lower the 
blockage of calcium penetration into erythrocytes. 
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supporting the hypothesis that decreased cadmium increases 
calcium penetration into erythrocytes. These data support 
the hypothesis that cadmium blocks calcium channels to 
erythrocytes, prostate cells and other cells. 
[0100] Cell blockage to calcium penetration was 
correlated with urine cadmium/ (urine cadmium + serum 
cadmium) (defined as the excretion of serum cadmium to 
urine) (r= 0.28; p=0.004). The lower the excretion of serum 
cadmium to urine, the lower the blockage of calcium 
penetration into erythrocytes. 

.[0101] The results of these experiments provide evidence 
that cadmium regulates the retention of serum zinc in men 
and that cadmium regulates serum calcium and blockage of 
calcium penetration into cells. The data also provide 
evidence that cadmium counter-exchange from serum to 
erythrocytes or cadmium excretion to urine regulates 
retention of serum zinc from urine. 

[0102] Excretion of serum calcium to urine (urine 
calcium/ (urine calcium +serum calcium) ) was correlated with 
urine zinc (r=0.45; p<0.001). Urine calcium was correlated 
with urine zinc (r^O.49; p<0.001) and urine calcium was 
negatively correlated with retention of serum zinc from 
urine (serum zinc/ {serum zinc+urine zinc)) (r=-0.46; 
p<0.001). The greater the excretion of serum zinc to urine, 
the greater the excretion of serum calcium to urine. 
[0103] ,In this study, men over 50 who had high PSA, in 
addition to having low serum calcium and low blockage of 
calcium penetration into erythrocytes, were found to have 
low retention of serum zinc in comparison to their 
counterparts with low PSA (0.349 vs 0.404, respectively; 
p=0.016) (Table 5). Men with high PSA also showed a lower 
retention of serum zinc from urine than men with low PSA 
(0.838 vs. 0.859, respectively; p=0.101). 
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[0104] Serum zinc was correlated with the counter- 
exchange of serum cadmium to erythrocytes (r=0.34; p=0.001), 
supporting the hypothesis that the counter-exchange of serum 
cadmium to erythrocytes regulates retention of serum zinc- 
Retention of serum zinc from urine was correlated with the 
counter-exchange of serum cadmium to erythrocytes (r=0.17; 
p=0.090), supporting the hypothesis that the counter- 
exchange of serum cadmium to erythrocytes regulates the 
retention of serum zinc from urine. 

[0105] Excretion of serum zinc to urine was correlated 
with excretion of serum cadmium to urine (r=0.40; p<0.001). 
As the elimination of serum zinc to urine regulates the 
elimination of serum calcium to urine, the elimination of 
serum zinc to urine also regulates the elimination of serum 
cadmium to urine. The excretion of serum zinc to urine 
regulates the excretion of serum cadmium to urine. 
[0106] Urine cadmium was higher in men than in stallions 
(Experiment A) (2.167 vs. 0.201, respectively; p< 0.001) 
(Table 3) . The men had a greater excretion of serum zinc to 
urine than did the stallions. Excretion of serum cadmium in 
urine was higher in the men than in the stallions (0.682 vs. 
0.152, respectively; p<0.001). Serum zinc in men dropped 
significantly in the afternoon, whereas serum zinc in 
stallions remained constant throughout the day. Men's urine 
cadmium rose abruptly as their serum zinc dropped in the 
afternoon. Urine cadmium was found to be highest when serum 
zinc was the lowest. 

[0107] Lower counter-exchange of serum cadmium to 
erythrocytes corresponds to lower exchange of serum zinc 
from erythrocytes and lower retention of serum zinc from 
urine for men with high PSA in comparison to men with low 
PSA. The counter-exchange of serum cadmium to erythrocytes 
was lower for men with high PSA than for men with low PSA 
(0.260 vs. 0.422, respectively; p<0.001). Also, excretion 



of serum cadmium to urine was lower for men with high PSA in 
comparison to men with low PSA (0.107 vs , 0.142, 
respectively; p=0.012). These data are evidence that 
cadmium is an essential trace element, the deficiency of 
which in aged men decreases their counter-exchange of serum 
cadmium to erythrocytes, causing decreased retention of 
serum zinc from urine, decreased serum zinc, decreased serum 
calcium, and decreased blockage of calcium penetration into 
erythrocytes and elevated levels of PSA. 
[00108] Age was correlated with PSA in men over 50 
(Experiment C) (r=0.31; p=0.002). Age and PSA shared 
similar negative correlations with serum calcium (r=-0.28; 
p=0.006; r=-0.28; p-0.005), with serum zinc (r=-0.31; 
p=0.002; r=-0.28; p=0.005), and with counter-exchange of 
serum cadmium to erythrocytes (r=-0.31; p=0.002;' r=-0.41; 
p<0.001). Declining counter-exchange of serum cadmium to 
erythrocytes with increasing age parallels the declining 
cadmium burden in men with increasing age over 50 (Table 6) . 
These data are evidence that cadmium deficiency causes 
decreased cadmium counter-exchange from serum to 
erythrocytes with increased aging in men. Counter-exchange 
of serum cadmium to erythrocytes was correlated with serum 
zinc (r=0.34; p=0.001) and with serum calcium (r=0.24; 
p=0.020). Serum zinc was correlated with serum calcium 
(r=0.57; p<0.001). This is evidence that decreased serum 
calcium represents increased cellular calcium secondary to a 
decreased blockage of calcium penetration into cells. There 
is evidence that increased calcium in prostate cells 
increases production and release of PSA. Decreased cadmium 
elimination from serum to cells (as estimated by elimination 
of serum cadmium to erythrocytes or urine) decreases 
blockage of calcium penetration into erythrocytes. As men 
age, elimination of serum cadmium to erythrocytes decreases 
(r=-0.31; p-0.002). Further, as the counter-exchange of 
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serum cadmium to erythrocytes decreases, serum zinc 
(r=0.340; p=0.001) and serum calcium decreases (r=0.24; 
p=0.020). As serum zinc decreases, serum calcium decreases 
(r=0.57; p<0-001). Decreased serum calcium (r=-0.028; 
p=0.005), decreased serum zinc (r=-0.028; p=0.005) and 
decreased counter-exchange of serum cadmium to erythrocytes 
(r=-0.41; p<0.001) caused increased PSA. 
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Table 6 



Erythrocyte Cadmium (ng/ml) in 102 Men 
with Low (non-bold) and 
High (bold) PSA (Experiment C) 





Erythrocyte Cadmium 




12.083 


5. 467 


4 . 547 


4 . 056 


2.941 


2.597 


2 . 553 


2 . 262 


2 . 182 


2.060 


2 . 022 


1 . 983 


1.915 


1.844 


1 . 771 


1.748 


1 . 685 


1 . 627 


1. 620 


1-586 


1 . 515 


1 . o U 1 
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1.112 
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J- m \J 


1 . 088 


1.084 


1.081 


1 . 077 


1 .061 


1 . 059 


1 . 045 


1.030 


1.019 


1.018 


1.002 








0. 992 


0. 989 


0.987 


0. 986 


0. 985 


0.962 


0. 950 


0. 947 


0.941 


0 . 932 


0. 930 


0.929 


0. 928 


0 . 927 


0.926 


0. 917 


0 . 914 


0.914 


0. 913 


0.902 


0.895 


0.895 


0.887 


0.883 


0.880 


0.878 


0 .866 


0. 854 


0.848 


0.846 


0.837 


0.836 


0.826 


0.822 


0.819 


0.818 


0.784 


0.774 


0.764 


0.764 


0.722 


0.319 


0.307 



X = 1.4 
S.D. = 1.304 
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[0109] Erythrocyte cadmium was ordered from highest 
(12.083 ng/ml) to lowest (0.307 ng/ml) (Table 6). 
Deficiency of body cadmium was estimated to exist when 
erythrocyte cadmium fell below 1.0 ng/ml. Ninety five 
percent (41/43) of the men classified as cadmium deficient 
had PSA pf greater than 2.0 ng/ml. In contrast, 90% (53/59) 
of men not classified as cadmium deficient had PSA of less 
than 2 . 0 ng/ml . 

[0110] Age was negatively correlated with retention of 
serum zinc from urine (r=-0.40; p<0.001), and was correlated 
with urine zinc (r=0.29; p=0.003), evidence that declining 
retention of serum zinc from urine with increasing age is 
caused by a declining elimination of serum cadmium caused by 
a deficient cadmium burden. 

[0111] In Experiment D, cadmium treatment increased the 
counter-exchange of serum cadmium to erythrocytes in each of 
the three men to whom it was administered by a minimum of 
116%. Average cadmium counter-exchange increased from 0.311 
+/-0.166 to 0.466 +/-0.077 (mean +/- S.D.). Cadmium 
treatment increased blockage to calcium penetration in each 
man by between 178 - 330%. Their average blockage of 
calcium penetration increased from 114.79 +/- 21.135 to 
314.001 +/-150.942) (mean +/- S . D . ) (p=0 . 04 92 ) . 

Example 4 

[0112] A fifty-five year old man who has a PSA > 2.0 

ng/ml is assessed for a cadmium deficiency. Blood and urine 
samples are collected and analyzed 'for a) erythrocyte 
cadmium, b) the movement of cadmium between his erythrocytes 
and his serum (erythrocyte cadmium/ (erythrocyte cadmium + 
serum cadmium)), and c) the movement of cadmium between his ■ 
serum and urine (urine cadmium/ (urine cadmium + serum 
cadmium) ) . If his cadmium level by any of these measures is 
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found to be 15% or more below normal (i.e., if his 
erythrocyte cadmium level is < about 1.0 ng/ml, the 
concentration of erythrocyte cadmium divided by the sum of 
his erythrocyte cadmium concentration plus serum cadmium 
concetnration is below about 0.44 and/or the concentration 
of the cadmium in his urine divided by the sum of the 
concentration of cadmium in his urine plus the concentration 
of cadmium in his serum is below about 0.17), he is examined 
for any other warning signs of illness and cadmium is 
administered at a level within the range of 0.25 - 2 mg/day 
orally, parenterally or in inhalation form for a period of 4 
weeks. The specific dosage is dependent upon the form in 
which the cadmium is administered and the severity of the 
deficiency. The man is re-examined at the end of the 
administration period and, if any of the three measures for 
cadmium deficiency remains below normal, cadmium 
administration is continued for a further 4 weeks. This 
cycle is repeated until the cadmium deficiency is corrected. 
Once the man's levels of cadmium have been brought back 
within the normal range, he undergoes continued periodic 
monitoring and, if his cadmium levels again begin to fall, 
cadmium administration is reinst ituted . 
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